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The disclosure is directed at a method and apparatus for
controlling fuel cell operating conditions. The apparatus
includes a set of sensors for monitoring the fuel cell operating
conditions and a processing unit, in communication with the
set of sensors for determining when the fuel cell operating
conditions are outside of an acceptable range. When it is
determined that the fuel cell operating conditions are outside
of the acceptable range, an electrolyzer is activated to elec-
trolyze waste liquid water or water vapor to assist in control-
ling the fuel cell operating conditions.
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1
APPARATUS INCLUDING FUEL CELL AND
ELECTROLYZER AND METHOD FOR
CONTROLLING FUEL CELL OPERATING
CONDITIONS OF THE APPARATUS

FIELD OF THE DISCLOSURE

The present disclosure is generally directed at portable
devices and more specifically at a method and apparatus for
controlling fuel cell operating conditions.

BACKGROUND OF THE DISCLOSURE

Fuel cells are projected to be one of the energy sources for
portable electronic devices, including handheld portable
electronic devices, i.e., devices sized and shaped to be held or
carried in a human hand. Examples of portable electronic
devices include, but are not limited to, mobile communication
devices (such as cellular phones or smart phones), music
players, remote controls, electronic navigation devices (such
as Global Positioning System devices), portable DVD play-
ers, portable digital assistants (PDAs), portable computers
(such as tablet computers or laptop computers) or some
charging accessories. Fuel cells tend to provide higher energy
densities than conventional batteries and may maintain opera-
tion with a continuous flow of fuel.

The use of fuel cells with portable electronic devices has
not yetbeen widely implemented for a variety of reasons. One
concern pertaining to fuel cells is that they are limited in their
efficiency depending on the environment in which the fuel
cellis being operated. More specifically, the relative humidity
and the temperature surrounding the fuel cell may tend to
affect the efficiency of the fuel cell. Fuel cells tend to exhibit
a significant drop in performance when operating in an envi-
ronment where there is a high humidity, generate less power
when operating in a low temperature environment or take a
long time to reach peak power when operating in a low tem-
perature environment.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described, by way of example only, with reference to the
attached Figures, wherein:

FIG. 1 is a perspective view of an illustrative portable
electronic device;

FIG. 2 is a schematic diagram of a portable device includ-
ing an electrolyser;

FIG. 3 is a flowchart of a method of controlling fuel cell
operation conditions;

FIG. 4 is a table outlining efficiency of a fuel cell versus
relative humidity surrounding the fuel cell;

FIG. 5 is a flowchart outlining another method of control-
ling fuel cell operation conditions;

FIG. 6 is a table outlining power output of a fuel cell vs.
temperature surrounding the fuel cell;

FIG. 7 is a table outlining time to peak power for a fuel cell
vs. temperature surrounding the fuel cell; and

FIG. 8 is a flowchart outlining another method of control-
ling fuel cell operation conditions.

DETAILED DESCRIPTION

In one aspect, there is provided a portable device compris-
ing an electrolyser, a central processing unit (CPU) and a
sensor for obtaining a measurement and transmitting the mea-
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surement to the CPU, wherein when the CPU determines that
the measurement is outside an acceptable range, the CPU
activates the electrolyser.

In another aspect, there is provided a method of controlling
fuel cell operating conditions within a portable device com-
prising retrieving measurements from sensors, comparing the
measurements with values from an acceptable range and
transmitting a current to an electrolyser when said measure-
ments are not within the acceptable range.

The disclosure is directed at a method and apparatus for
controlling fuel cell operating conditions. In one embodi-
ment, the apparatus includes an electrolyser which acts as an
efficiency throttle, power booster or soak time reducer for an
integrated fuel cell charger in a portable device, such as a
handheld device or a handheld device accessory.

Fuel cells typically use hydrogen and oxygen as fuel and
oxidant, respectively, which is then used to generate electric-
ity, water and heat. The electricity may then be used to power
device components or to recharge a rechargeable battery
within the portable device. During operation of the fuel cell,
heat may be generated which may be used to heat device
components while the extra generated, or excess, heat is
generally dissipated. The water which is generated by the fuel
cell (the fuel cell reaction combines hydrogen and oxygen to
make water) may be seen as waste water. In some systems, the
waste water may be removed, e.g., by venting into the envi-
ronment.

In one implementation, however, the waste water is not
removed but is, at least in part, re-used. By electrolysing the
waste water which is produced by the fuel cell, hydrogen and
oxygen may be produced which may then be supplied to the
fuel cell as fuel and oxidant. In other words, the fuel cell
reaction that generates waste water may be run in reverse to
generate useful reactants from that waste water. In this man-
ner, the efficiency of the fuel cell may be increased as the fuel
cell may be supplied by both a fuel tank and through the
electrolysis of waste water. The reaction that combines the
reactants to generate water supplies useful energy (by trans-
forming chemical energy into electrical energy), whereas
electrolysing water consumes energy. In some embodiments,
water may be electrolysed when the portable electronic
device is receiving power from an external power source,
such as a wall outlet or a charger. In other embodiments, water
may be electrolysed by consuming energy form an internal
power source, such as a rechargeable battery. By supplying an
electric current to an electrolyser, the electrolyser may elec-
trolyse the water in order to generate hydrogen and oxygen
atoms.

By including an electrolyser within a portable device with
afuel cell, various benefits may be experienced. For instance,
when operating at a high humidity, the efficiency of the fuel
cell may be improved. Also, when operating a fuel cell at low
temperatures, an increase of power generated may be
achieved via the use of the electrolyser. Another advantage of
the current disclosure is that peak power of the full cell may be
reached in a shorter time frame when operating at low tem-
peratures. Further potential advantages may be discussed
below.

FIG. 1illustrates a perspective view of a portable electronic
device 10 such as a mobile communication device. The por-
table electronic device 10 has a body 12, which includes a
display screen 14, a keyboard/keypad 16, a set of buttons 18
and a trackball 20. The trackball 20 may also be a joystick,
scroll wheel, roller wheel, touchpad or the like, or another
button. The portable electronic device 10 includes other parts
which are not shown or described in this figure. The portable
electronic device may be sized such that it fits within the palm
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of a hand so that the device may also be seen as a handheld
device. The portable electronic device typically includes one
or more components that consume electrical power (such as
the display screen 14), and includes one or more power sup-
plies (not shown in FIG. 1) that supply the electrical power
consumed by other components. For purposes of the discus-
sion that follows, the power supply for the portable electronic
device 10 will be assumed to include, but not necessarily be
limited to, a fuel cell and associated apparatus, such as a fuel
cell tank. The power supply may include other power sources
as well, such as a rechargeable battery.

Turning to FIG. 2, a schematic diagram of a portable device
including an apparatus for controlling fuel cell operating
conditions is shown. As will be understood, not all of the
components required for operation of the portable device are
shown, however, they will be understood.

The portable electronic device 10 includes a fuel cell 30
which is physically connected (directly or via one or more
intermediate elements) to a fuel tank 32. In one embodiment,
control of the flow of fuel from the fuel tank 32 to the fuel cell
30 may be via microfluidics, however other methods are also
contemplated for physically moving the fuel from the fuel
tank 32, where the fuel is stored, to the fuel cell 30, where the
fuel reacts with oxygen to supply the electrical energy. In this
embodiment, output of the fuel cell 30 (that is, the output for
the electrical energy) is electrically connected to a power
control and management unit 34 which then transmits the
generated power to either re-charge a battery 36 or to power
other device components 38. Alternatively, the output of the
fuel cell may be connected directly to the battery 36 or the
components 38.

A central processing unit (CPU) 40 may be in communi-
cation with the fuel cell 30, such that the CPU 40 can elec-
tronically monitor or control the operation of the fuel cell 30
or otherwise communicate with the fuel cell 30. The CPU 40
may also be in communication with the power control unit 34
and the battery 36. The CPU 40 may further be in communi-
cation with an electrolyser 42, which can be used to assist in
converting waste water produced by the fuel cell 30 into
hydrogen and oxygen. The hydrogen and oxygen can be used
in any number of ways, such as, but not limited to, supplying
fuel or oxidant to the fuel cell 30 or to heat the device com-
ponents or the device itself, where required. The hydrogen
and/or oxygen can also be stored for later use vented to the
environment. A storage medium 41 is also located within the
device for storing various information (such as machine-
executable instructions to be executed by a processor for
carrying out one or more methods described herein). The
electrolyser 42 includes a water collection tank 43 for col-
lecting the waste water. Between the fuel cell and the elec-
trolyser are components that facilitate the delivery of waste
water from the fuel cell to the electrolyser and then to facili-
tate the deliver of hydrogen or oxygen, or both, from the
electrolyser to the fuel cell or the fuel tank. A sensor or a set
of sensors 44 is located throughout the portable device in
order to obtain measurements which may be used to deter-
mine if the electrolyser 42 is to be activated. Measurements
may be, but need not be, numerical values. In general, a sensor
receives an input (such as temperature or humidity) and gen-
erates an output (such as an electrical signal) as a function of
the input; the output may be referred to generally as a mea-
surement. Some measurements include, but are not limited to,
the level of relative humidity within the portable device (and
sensors that respond to humidity may be referred to as humid-
ity sensors), the level of relative humidity surrounding the
device, the level of relative humidity surrounding the fuel
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cell, the ambient temperature, the temperature at the sensor
locations or the temperature surrounding the fuel cell.

Turning to FIG. 3, a flowchart of a method of controlling
fuel cell operating conditions is shown. In the preferred
embodiment, the method is used to assist in determining if an
electrolyser within the handheld device should be activated.
In this example, the electrolyser may be activated due to the
presence of a high relative humidity within, or surrounding
the portable device. Initially, relative humidity measurements
are retrieved 100 by the CPU such as by communicating with
the set of sensors. In one embodiment, one of the sensors,
such as the relative humidity level sensor, measures the rela-
tive humidity and transmits this measurement or value to the
CPU. In another embodiment, the processor retrieves the
relative humidity measurement from the sensor. Other meth-
ods of obtaining a relative humidity measurement are con-
templated. The CPU monitors these measurements to deter-
mine 102 when the electrolyser should be activated in order to
control the fuel cell operating conditions. In one embodiment,
the CPU may activate the electrolyser if one of the measure-
ments is outside of an acceptable range, however, in another
embodiment, the CPU may activate the electrolyser if a series
of measurements are outside the acceptable range. This
acceptable range may be determined based on the ideal oper-
ating conditions of the fuel cell (or the conditions in which
operation is satisfactory, not necessarily conditions in which
operation is optimal), and may be stored within the processor,
or may be retrieved from a storage medium, or memory.
Therefore, if the conditions within, or surrounding, the
device, or fuel cell, are not within the ideal operating condi-
tions, the CPU may act accordingly such as by activating the
electrolyser.

If the CPU determines that there is no need to activate the
electrolyser, whereby a measurement is, or measurements are
within the acceptable range, the CPU continues to monitor the
measurements being transmitted by the relative humidity sen-
sor. If the measurement is, or measurements are not within the
acceptable range such that the CPU determines that there is a
need to activate the electrolyser, the CPU transmits 104 a
current to the electrolyser to initiate the electrolyser. This
current may be from the battery or any other component
within the portable device that is capable of operating as a
power supply. In one embodiment, the CPU transmits a signal
to the battery to provide current to the electrolyser or the CPU
can close a switch between the battery and the electrolyser in
order to complete a circuit.

Once the electrolyser receives the current, the electrolyser
is activated. In one embodiment, the electrolyser operates to
reduce the relative humidity within the device, for instance,
by converting waste liquid water (produced by the fuel cell) or
water vapour (due to the high relative humidity) into hydro-
gen and oxygen. The production of hydrogen and oxygen
may yield better fuel cell efficiency, fuel cell performance, or
provide extra fuel or oxidant for the fuel cell. In this manner,
fuel, in the form of hydrogen, can be re-generated and there-
fore, the fuel tank does not have to be re-filled as often. This
provides an advantage of longer operating time for a fuel cell.
In another embodiment, the hydrogen is transmitted back to
the fuel tank while the oxygen may be used as an oxidant for
the fuel cell or may just be used to heat the fuel cell.

In principle, the proposed system operates as an efficiency
throttle for the portable device, or fuel cell. In most cases, the
efficiency of a fuel cell is approximately 50% whereby about
half of the output of the fuel cell is waste water. By electrol-
ysing this waste water, the reactants (hydrogen and oxygen)
can be regenerated and then supplied back to the fuel cell to
provide a more efficient fuel cell whereby more power can be
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generated with the same amount of fuel as the waste water can
be used rather than removed. Furthermore, for most fuel cells,
the ideal operating conditions include a mid-level relative
humidity such that by electrolysing the water vapour in a high
relative humidity situation, the relative humidity may be
decreased to an acceptable level (preferably within the ideal
operating conditions) so that the fuel cell may operate more
efficiently. Therefore, the operation window for the fuel cell is
increased and may be more tolerable to high relative humidity
conditions, or situations. This may be seen in more detail with
respect to FIG. 4.

FIG. 4 is directed at a table which includes fuel cell effi-
ciency on the Y-axis and percentage (%) relative humidity on
the X-axis. As can be seen, in operation (without an electroly-
ser), as reflected by line 50 (obtained via testing), the effi-
ciency of the fuel cell decreases above approximately 40%
relative humidity. When using a modeller with assumptions,
with the presence of an electrolyser, the efficiency of the fuel
cell may be improved at high percentages of relative humidity
as reflected by line 52. Therefore, while there is still a
decrease in efficiency at higher relative humidity percentages
or levels, there is still an increase in efficiency over the fuel
cell operating without an electrolyser.

Turning to FIG. 5, a flowchart outlining a second method of
controlling fuel cell operating conditions is shown. In this
example, the electrolyser is activated due to the operation of
the portable device, or fuel cell, in a low temperature envi-
ronment either within the device or surrounding the device.
Initially, temperature measurements are retrieved 110 by the
CPU. In one embodiment, one of the sensors, such as a
temperature sensor, measures the temperature within the por-
table device proximate the fuel cell or measures the ambient
temperature surrounding the portable device and transmits
this measurement or value to the CPU. As will be understood,
other methods of obtaining a temperature measurement are
possible and are contemplated. The CPU monitors these mea-
surements to determine 112 when one of the measurements is
outside of an acceptable range. As with the determination of
the acceptable range for relative humidity, this range may be
determined based on the ideal operating conditions of the fuel
cell. Therefore, if the conditions within, or surrounding, the
device are not within the range, the CPU may react accord-
ingly. This information relating to the ideal operating condi-
tions is preferably stored within the CPU or within a storage
medium in communication with the CPU.

Ifthe measurement is within the acceptable range, the CPU
continues to monitor the measurements being transmitted by
the temperature sensor. If the measurement is not within
range, the CPU transmits 114 a current to the electrolyser to
initiate the electrolyser. In an alternative embodiment, the
CPU may not transmit a current to the electrolyser until a
series of measurements have been determined to be outside
the acceptable range rather than just a single measurement.

The current supplied to the electrolyser may be from the
battery or any other component within the portable device
that is capable of operating as a power supply such as dis-
cussed above.

Once the electrolyser receives the current, the electrolyser
may then generate heat by electricity in the waste water which
may increase the ambient temperature or de-ice the fuel cell
(if the fuel cell is iced), which in turn causes the fuel cell
power output to increase. By including an electrolyser within
the portable device, the fuel cell, and therefore, the portable
device, may be more tolerant to lower temperatures as shown
inthe table of FIG. 6. This may also assist in reducing the time
it takes for the fuel cell to reach peak power as shown in FIG.
7.
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Turning to the table in FIG. 6, along the Y-axis is the power
output in terms of watts (W) while the X-axis represents the
temperature in degrees Celsius. As can be seen, at lower
temperatures, the power output of the fuel cell is quite low.
For the fuel cell operating independently, represented by line
54, around -20 degrees C., the power output is approximately
0.25 W. When the fuel cell is in operation with an electrolyser,
such as represented by line 56, the power output may be
increased to about 1 W which is about a 400% improvement.
At higher temperatures, when the electrolyser is not opera-
tional, the power output of both fuel cells may be similar.

Turning to the table in FIG. 7, the Y-axis represents the time
for the fuel cell to reach peak power in seconds while the
X-axis represents the temperature surrounding the fuel cell in
degrees Celsius. For the fuel cell operating independent of an
electrolyser, represented by line 58 (obtained via measure-
ments), at lower temperatures such as —20 degrees C., it can
be seen that it takes almost 140 seconds to reach peak power.
At 0 degrees, the fuel cell takes approximately 60 seconds to
reach peak power. For the fuel cell which operates in con-
junction with the electrolyser, as represented by line 60 (ob-
tained via modelling with assumptions), around -20 degrees
C., the fuel cell may reach peak power in approximately 30
seconds while at 0 degrees, this time may be reduced to
approximately 15 seconds. As can be seen, there is quite a
benefit to having an electrolyser integrated within a portable
device for assisting in controlling fuel cell operating condi-
tions. At higher temperatures, both fuel cells may reach peak
power in approximately the same amount of time.

Turning to FIG. 8, yet a further method of controlling fuel
cell operating conditions is shown. In this example, the elec-
trolyser is activated when the water level in the collection tank
of the electrolyser passes a threshold value. In this embodi-
ment, the water level in the collection tank may act as a sensor.
More specifically, in one embodiment, the rate of change in
the water level within the collection tank may provide an
approximation of the relative humidity surrounding the fuel
cell.

Initially, the water level within the collection tank is deter-
mined 120, preferably by a sensor located within the collec-
tion tank. The measurement is also time-stamped so that the
water level is associated with a time of day. The measurement
is then stored 122 in the processor or in the storage medium,
or memory. The processor then subtracts 124 the difference
between the received water level measurement and the pre-
viously recorded water level measurement to determine a
water level difference measurement. Concurrently, a calcula-
tion may be performed to determine the time elapsed or time
difference 126 from the previously recorded measurement.
The rate of change of the water level, or rate of change
measurement, may then be calculated 128 by dividing the
difference in water level by the time elapsed. If the quotient is
not higher than a threshold rate change value, then the
retrieval of the water level measurement and time stamps
continue. If this quotient is higher than a threshold rate
change value, then the processor is notified 130 and the elec-
trolyser is activated 132.

In order to activate the electrolyser, the processor transmits
a current to the electrolyser. This current supplied to the
electrolyser may be from the battery or any other component
within the portable device that is capable of operating as a
power supply. Once the electrolyser receives the current, the
electrolyser may then produce hydrogen and oxygen or may
reduce the relative humidity within the fuel cell, or both.
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One advantage of the integration of the electrolyser within
the portable electronic device is that heat may be generated
during the electrolysis process so that the device may operate
more efficiently.

In an alternative embodiment, the device may include a
control system to monitor the relative humidity of the system
as the temperature of the device is being increased.

Although the above embodiments disclose a system which
only measures a single characteristic, in an alternative
embodiment, measurements of the relative humidity and the
temperature may be performed concurrently so that both
operating conditions are monitored.

In yet a further embodiment, after the hydrogen and oxy-
gen have been produced by the electrolyser, a further check to
determine if the fuel tank requires re-filling may be per-
formed. A similar check may be performed to determine if the
fuel cell requires more oxidant. If it is determined that no
hydrogen or oxygen is required, the output from the electroly-
ser may be dissipated or removed from the device.

In the preceding description, for purposes of explanation,
numerous details are set forth in order to provide a thorough
understanding of the embodiments of the disclosure. How-
ever, it will be apparent to one skilled in the art that some or
all of these specific details may not be required in order to
practice the disclosure. In other instances, well-known elec-
trical structures and circuits are shown in block diagram form
in order not to obscure the disclosure. For example, specific
details are not provided as to whether the embodiments of the
disclosure described herein are as a software routine, hard-
ware circuit, firmware, or a combination thereof.

The above-described embodiments of the disclosure are
intended to be examples only. Alterations, modifications and
variations can be effected to the particular embodiments by
those of skill in the art without departing from the scope of the
disclosure, which is defined solely by the claims appended
hereto

What is claimed is:

1. A portable electronic device comprising:

a central processing unit (CPU);

a fuel cell;

a fuel tank for supplying fuel to the fuel cell;

one or more sensors for obtaining measurements and trans-

mitting the measurements to the CPU; and

an electrolyser activatable by the CPU;

wherein the CPU is programmed to activate the electroly-

ser to effect a change or control of a temperature of the
fuel cell or a relative humidity within the fuel cell in
response to one or more of the measurements being
outside of an acceptable range;

5

20

25

30

35

40

45

8

wherein the measurements are at least one of: a relative
humidity measurement at or surrounding the fuel cell
and a temperature measurement at or surrounding the
fuel cell.
2. The portable electronic device of claim 1 wherein the
relative humidity measurement is higher than the acceptable
range.
3. The portable electronic device of claim 2 wherein the
electrolyser is activatable to produce hydrogen and oxygen.
4. The portable electronic device of claim 1 wherein the
temperature measurement is lower than the acceptable range.
5. The portable electronic device of claim 4 wherein the
electrolyser is activatable to produce heat to increase the
temperature.
6. A method of controlling fuel cell operating conditions
within a portable device comprising:
retrieving measurements from sensors, wherein the mea-
surements are at least one of: a relative humidity mea-
surement at or surrounding a fuel cell and a temperature
measurement at or surrounding the fuel cell;

comparing the measurements with values from an accept-
able range; and

transmitting a current to an electrolyser when said mea-

surements are not within the acceptable range to effect a
change or control of a temperature of the fuel cell or the
relative humidity within the fuel cell.

7. The method of claim 6 wherein transmitting the current
comprises:

transmitting a signal to a power supply; and

providing the current from the power supply to the elec-

trolyser.

8. The method of claim 7 wherein transmitting the signal
comprises:

transmitting the signal to a battery.

9. The method of claim 6 wherein transmitting the current
comprises:

closing a switch between a power supply and the electroly-

sefr.

10. The method of claim 6 further comprising:

transmitting hydrogen produced by the electrolyser to the

fuel cell.

11. The method of claim 6 further comprising:

transmitting oxygen produced by the electrolyser to the

fuel cell.

12. The method of claim 6 further comprising:

heating the portable device with heat produced by the

electrolyser.



